Reflectance confocal microscopy (RCM) is a technology utilized for bedside diagnosis of cutaneous pathology by non-invasive, in vivo, cellular-level imaging. With the recent establishment of reimbursement codes by the US Centers for Medicaid and Medicare Services, RCM is now likely to be employed by clinical dermatologists and impact decision making on skin cancer management. Dermatopathologists, therefore, would benefit from learning how to interpret RCM images and how RCM findings correlate with histopathological criteria of diagnosis. This review briefly explains the principles behind RCM image acquisition, describes the key RCM features of normal skin, and delineates the RCM characteristics of frequently observed benign and malignant neoplasms.
| INTRODUCTION
The most definitive diagnostic tool utilized by dermatologists in the assessment of skin lesions is a biopsy for histopathological microscopic analysis. However, the invasive nature of surgical biopsy engenders anxiety for some patients, can leave scars in cosmetically sensitive areas (e.g., the face and chest), and may have procedureassociated morbidity such as infection and delayed healing (e.g., on the lower extremities). To this end, reflectance confocal microscopy (RCM) offers non-invasive imaging of skin lesions at cellular-level magnification and resolution, and may facilitate curbing unnecessary Herein, we provide a succinct review of the principles of RCM imaging, describe key RCM terminology and delineate the fundamental RCM features of normal skin and neoplastic entities.
| BASIC PRINCIPLES
RCM utilizes a low-energy laser light source that focuses on a specific area of tissue. Light is back-scattered from certain tissue structures at the focal point, and enters the detector through a small-aperture gating pinhole; only light from the focal point at the tissue will enter and produce an image, while light from nearby tissue ("out of focus") will not be able to enter the detector. 2 The magnitude of back-scattering of light is dependent on the differences in refractive indices of various tissue components. 2 RCM images are viewed in grayscale-tissue structures that strongly back-scatter RCM light would appear brighter than the surrounding tissue. For example, the refractive indices of melanin (1.7), keratin (1.5) and collagen are higher than that of the surrounding tissue (1.34) , resulting in contrast between tissue structures containing these substances (which would appear bright) from the background tissue. [2] [3] [4] The current commercially available RCM, as an example, uses a near-infrared diode laser (830 nm) with ×30 lens, yielding a lateral 
| FEATURES OF NORMAL SKIN
Knowledge of the RCM findings of normal skin is essential for recognizing pathologic features of skin lesions and the anatomic level at which an image was acquired. Key terms used to describe RCM features of normal skin and cutaneous neoplasms are shown in Table 1 .
Since RCM imaging begins at the surface of the skin and moves towards deeper layers, the first layer encountered is the stratum corneum ( Figure 1 ). This level shows flattened anucleated cells forming "islets" separated by dark fissures that represent the dermatoglyphics. 6, 7 The anucleated corneocytes appear very bright (meaning they strongly reflect RCM light) due to their high keratin content. 6, 7 The stratum granulosum is located about 15 to 20 μm deep. The flattened granular keratinocytes are characterized under RCM by their dark central nuclei surrounded by thin bright rim of cytoplasm.
The cytoplasm is strongly refractive due to its keratohyalin granules. 6 The uniform back-to-back arrangement of the keratinocytes at this layer forms a pattern called regular or typical "honeycomb" pattern" (Figure 3 ) composed of closely set bright keratinocytes. The supranuclear melanin cap renders brightness to the contour of the cell's nucleus while the surrounding cytoplasm appears relatively darker. 6, 7 The basal keratinocytes in skin phototype I-II individuals are less pigmented, and hence, these cells will not appear bright under RCM. Therefore, visualization of individual basal keratinocytes may be difficult in fair individuals. 7 Similarly, melanocytes at the dermoepidermal junction (DEJ) are usually not seen in normal skin imaging of fair, untanned individuals.
In an undulating DEJ, the horizontal imaging optically sections through bright basal keratinocytes, which surround dark dermal papillae; this creates an RCM pattern of "dermal papillary rings" 7 or "edged papillae" 9 ( Figure 4 ). The less-refractile papillary and superficial reticular dermis may display blood vessels and collagen fibers. 7 The RCM appearance of normal skin may show further variations depending on the body site and the extent of photo-damage. 
| REFLECTANCE CONFOCAL MICROSCOPY OF BENIGN NEOPLASMS

| Solar lentigo
Solar lentigo presents clinically as a tan to brown macule or patch that is mostly observed on sun-exposed skin and can occasionally be difficult to distinguish from melanoma on sun-damaged skin ( Figure 5 ). Under RCM, solar lentigo presents a distinct pattern at the DEJ whereby the rete ridges appear as bright, finger-like tubular projections with bulbous tips and the dermal papillae appear large and polymorphic -ovoid, annular, cerebriform or polycyclic. 10, 11 The bright refractility of basal keratinocytes, seen as the cobblestone pattern along the elongated rete ridges and as "edged papillae" rimming the dermal papillae, is due to their higher melanin content. 10 These RCM findings correlate with the curved, elongated, pigmented rete ridges nicknamed "dirty feet" by dermatopathologists. The SG layers present a regular honeycomb pattern denoting the lack of atypia of keratinocytes.
| Seborrheic keratosis
Seborrheic keratosis (SK) clinically appears as a tan to brown waxy stuck-on papule or plaque ( Figure 6 ). SKs are occasionally difficult to distinguish from malignant entities like squamous cell carcinoma and melanoma.
At the skin's surface, RCM mosaics of SKs show epidermal projections and keratin-filled invaginations that render a cerebriform pattern. [12] [13] [14] [15] Roundish, very bright structures dispersed within the epidermis represent corneal pseudocysts filled with strongly Reflectance confocal microscopy image of normal stratum corneum showing flattened anucleated squames (arrow) with surrounding dark fissures (dermatoglyphics) (asterisk) FIGURE 2 Reflectance confocal microscopy image of normal midepidermis demonstrating flattened keratinocytes with central dark nuclei surrounded by a bright refractile rim of cytoplasm. The keratinocytes demonstrate a honeycomb pattern FIGURE 3 Reflectance confocal microscopy image of basal cell layer revealing rows of cuboidal keratinocytes that are hyperpigmented and therefore refracticle (cobblestone pattern) (arrows)
| Lichen planus-like keratosis
Lichen planus-like keratosis (LPLK) is found on sun-exposed areas of the skin, like the face or upper chest, and is thought to be an inflamed solar lentigo or seborrheic keratosis undergoing regression ( Figure 7) . 18, 19 Clinically and under dermoscopy, LPLK can resemble melanoma, basal cell carcinoma or squamous cell carcinoma, increasing the likelihood the clinician will decide to biopsy this benign entity. However, RCM features of LPLK can help in opting for observation rather than biopsy.
The surface of an LPLK is often uneven with invaginations that may appear dark or bright depending on the degree of accumulation of keratin debris within the fissures. 20 There is a regular honeycomb pattern at the SG layers, which correlates to a lack of keratinocytic atypia. 17, 20 At times, however, the honeycomb pattern can appear slightly irregular which is a reactive change secondary to the associated inflammation. Bright round structures may be observed within the epidermis correlating to horn pseudocysts. 17, 20 At the level of the DEJ, elongated cords with bulbous tips may be appreciated, even if focally, and attest to remnant features of SK or solar lentigo. 17 At the level of the superficial dermis, a dense lichenoid inflammatory infiltrate containing numerous bright plump cells and bright dots can be seen, corresponding to melanophages and lymphocytic infiltrate, respectively. 17, 20 Thickened amorphous bundles of collagen under RCM correspond to solar elastosis. Reflectance confocal microscopy image of edged papillae surrounding dark dermal papillae (ringed pattern) (arrows) FIGURE 5 Solar lentigo. A, Pathology demonstrating lentiginous epidermal hyperplasia, epidermal hyperpigmentation and solar elastosis (hematoxylin and eosin, ×400). B and C, Reflectance confocal microscopy demonstrating rete ridges that appear as bright, finger-like projections (arrows) with bulbous tips and dermal papillae that appear polymorphic infundibulum containing keratin and sebum. 21, 22 The sebaceous lobules are composed of round cells with bright speckled cytoplasm and centrally located round nuclei. 22, 23 The superficial dermis lacks the fibroplasia that is often seen in a basal cell carcinoma.
| Melanocytic nevus
The common clinical presentation of melanocytic nevi varies from pigmented macules to skin colored or pigmented papules ( Figure 9 ).
The most common reason for biopsy of a nevus is clinical and/or dermoscopic concern for melanoma. Key RCM features can help to differentiate between a nevus and a melanoma. Typically on RCM, melanocytic nevi are symmetrical in pattern and brightness.
The most common patterns of nevi when viewed on mosaic RCM image (akin to low-magnification microscopy) at the DEJ level are (1) the ringed pattern, which correlates with a mostly lentiginous and small nested junctional or superficial compound nevus, (2) meshwork pattern, which correlates with nevi that display confluence of junctional nests and (3) clod pattern, which correlates with a mostly dermal, large nested nevus. 24 On RCM optical sections (akin to higher-magnification microscopy) at the SG layers, there is preservation of the regular honeycomb pattern of keratinocytes. [24] [25] [26] At the DEJ, edged papillae can be observed which may represent uniform and well-distributed dermal papillae with a rim of bright cells correlating with small melanocytes and pigmented basal keratinocytes encircling the papillae ("ringed pattern") or due to "junctional nests" formed by sharply bordered melanocytic aggregates. 24, 25 Nests of melanocytes, which appear as aggregates of uniform bright oval or round cells, may be attached to the basal layer of the epidermis (junctional nevus), may be in the FIGURE 7 Lichen planus-like keratosis. A, Pathology demonstrating vacuolar alteration, necrotic keratinocytes and a band-like lymphohistiocytic inflammatory infiltrate with melanophages (hematoxylin and eosin, ×200). B, Reflectance confocal microscopy at dermoepidermal junction demonstrates a dense inflammatory infiltrate containing numerous bright plump cells and bright dots (arrow) corresponding to melanophages and lymphocytes, respectively dermis (dermal nevus) or in both (compound nevus). 26, 27 However, nests in the reticular dermis are more difficult to discern with sufficient contrast on RCM due to the loss of imaging resolution with increasing depth. Branching dendritic cells representing melanocytes above the basal cell layer are very rarely seen in melanocytic nevi, but if observed, are small, centrally located within the lesion and scarce. 27 5 | REFLECTANCE CONFOCAL MICROSCOPY OF MALIGNANT NEOPLASMS
| Melanoma
The early diagnosis of melanoma is crucial for patient survival ( Figure 10 ). However, early subtle melanomas may be overlooked, FIGURE 8 Sebaceous hyperplasia. A, Pathology demonstrating large sebaceous gland lobules around a dilated infundibulum (hematoxylin and eosin, ×200). B, Reflectance confocal microscopy demonstrates enlarged sebaceous lobules composed of round cells with bright speckled cytoplasm and centrally located round nuclei (asterisk) FIGURE 9 Melanocytic nevus. A, Pathology of compound melanocytic nevus with junctional and intradermal nests of melanocytes (hematoxylin and eosin, ×200). B, Reflectance confocal microscopy (RCM) demonstrating a meshwork pattern due to nest of junctional melanocytes C, RCM demonstrating nests of melanocytes attached to the epidermis and within dermal papillae (arrow) and the erroneous surgical excision of suspect benign lesions causes unnecessary scarring for patients. RCM can improve the malignant to benign ratio of biopsied lesions and the accuracy of diagnosis. 28 A systemic review analyzing the diagnostic accuracy of RCM for melanoma diagnosis pooled data from 5 studies and found a per lesion sensitivity of 93% and a specificity of 76%. 29 The RCM features of melanoma will be described from the superficial to deeper layers. At the SG layers, melanoma often displays a disarranged pattern, with irregularity or even loss of the honeycomb pattern in association with an infiltration of atypical melanocytes in Pagetoid pattern, seen as large, bright, roundish cells with conspicuous dark nuclei, or bright stellate cells with thick branching dendritic processes. 27, 28, 30 Pagetoid cells may vary in density from numerous to sparse, in shape from round to dendritic, in distribution from focal to diffuse and in degree of pleomorphism. 28 In melanoma, dermal papillae are often "non-edged", indicating there is FIGURE 11 Basal cell carcinoma. A, Pathology demonstrating basaloid aggregates with stromal retraction (hematoxylin and eosin, ×200). B, Reflectance confocal microscopy (RCM) demonstrates neoplastic aggregates of basaloid cells as low refractility aggregates, termed "dark silhouette" (arrows), that are surrounded by bright thick collagen bundles abutting the tumor. C, Another case of histologically confirmed basal cell carcinoma (hematoxylin and eosin, ×200). D, RCM demonstrates bright aggregates, termed "tumor islands" (arrows) that show peripheral dark clefting (which correlate with surrounding low-refractility mucin and stromal retraction) (4) cerebriform clusters in the papillary dermis. 28 The threshold for the diagnosis of melanoma is a score of 3.
| Basal cell carcinoma
Basal cell carcinoma (BCC), the most common skin cancer, occurs mostly on sun-damaged skin of light-skinned individuals ( Figure 11 ).
The main BCC clinical-pathological subtypes include superficial BCC, nodular BCC and morpheaform or infiltrating BCC; occasionally, BCC may be pigmented and raise clinical concern for the diagnosis of melanoma. At the SG layers, BCCs may show disruption of the honeycomb pattern, 32 with "streaming"-keratinocytes have an elongated contour along an axis, particularly when neoplastic aggregates in the superficial dermis push up and compress the overlying epidermis.
Complete loss of the normal epidermal pattern may be seen at the site of an ulceration. The neoplastic aggregates of basaloid cells as viewed with histopathology may be seen under RCM as (1) low refractility aggregates, termed "dark silhouette", 33 that are surrounded by bright thick collagen bundles abutting the tumor, or as (2) bright aggregates, termed "bright tumor islands" that show peripheral dark clefting (which correlate with surrounding low-refractility mucin and stromal retraction). 32 The neoplastic keratinocytes at the core of the aggregate of BCC are elongated and oriented along the same axis, a pattern referred to as "nuclear polarization". 32, 33 At the periphery of the aggregates, a single layer of cells display nuclei arranged perpendicularly to the central elongated axis, a pattern termed "peripheral nuclear palisading". 33 There is increased vascularity with elongated, dilated tortuous blood vessels coursing the dermis in parallel to the horizontal plane of RCM imaging. 32, 33 An inflammatory infiltrate can be observed in the dermis, which includes mainly lymphocytes and occasional melanophages. [32] [33] [34] Pigmented BCC is unique in that bright dendritic cells can be observed on RCM within tumor aggregates, as well as in the overlying epidermis 35, 36 ; it has been shown that the dendritic cells within BCC aggregates correlate with melanocytes, while the dendritic cells seen in the epidermis are Langerhans cells. 36 A recent study evaluating RCM diagnostic accuracy in identifying BCCs found that with RCM expert evaluation, a sensitivity of 100% and a specificity of 75% was achieved. 37 
| Actinic keratosis
Actinic keratosis (AK) appears as a scaly erythematous flat papule, representing a partial thickness, intraepidermal keratinocytic neoplasia which can occasionally progress to squamous cell carcinoma (SCC) (Figure 12 ). The RCM features of AKs include irregularity of the honeycomb pattern of the epidermis, due to keratinocytes that vary in size of nuclei and in brightness of cellular outlines; these changes are limited mainly to the lower portions of the epidermis. 38 At the more superficial layer, the stratum corneum demonstrates parakeratosis,
represented by dark nuclei appearing within bright corneocytes. 39 Increased blood flow is noted within the capillaries that loop in the FIGURE 12 Bowenoid actinic keratosis-Bowen's disease. A, Pathology demonstrates almost full thickness squamous atypia (hematoxylin and eosin, ×400). B, Reflectance confocal microscopy of mid-epidermis demonstrates a markedly atypical honeycomb pattern marked by keratinocytes of varying size and shape (arrow) dermal papillae. 39 It may not be possible to distinguish Bowen's disease from an actinic keratosis via RCM, particularly when the keratinocytic atypia is extensive and spans the full thickness of the epidermis.
| Squamous cell carcinoma
Squamous cell carcinoma (SCC) is a common skin cancer that may present as a keratotic erythematous papule or plaque ( Figure 12 ).
When nodular or ulcerated, SCC may be difficult to distinguish from other skin cancers. At the stratum corneum, the RCM features of SCC include bright amorphous material, representing hyperkeratotic scale and polygonal dark nucleated cells with bright cytoplasm representing parakeratosis. [40] [41] [42] An atypical or disarranged honeycomb pattern marked by keratinocytes of varying size and shape can be viewed at the SG layers, which correlates to the keratinocytic atypia observed on histopathology. [40] [41] [42] Within the SG layers, bright round nucleated cells can be observed, which represent dyskeratotic cells. At the level of the DEJ, round dark button-hole-like structures can be observed within the dermal papillae representing looped and dilated blood vessels situated perpendicularly to the RCM plane of imaging. [40] [41] [42] Within the dermis, refractive thickened lace-like amorphous structures can be observed correlating to the solar elastosis. Tumor aggregates may be observed in the superficial dermis in invasive SCC.
42
A meta-analysis evaluating 25 studies found an overall RCM sensitivity and specificity for SCC, AK, SCC in situ and KA to range from 79% to 100% and 78% to 100%, respectively. 
